Damping-off and root rot are the most troublesome and common fungi diseases attack avocado (Persea americana Miller) which affecting seedling production and causing serious losses in the number of seedlings in nurseries and transplants in new orchards. Nursery and greenhouse experiments on pre-and post-emergence damping-off of avocado were conducted at El-Qanater El-Khairia Horticulture Research Station, Agricultural Research Center throughout 2016 and 2017 growing seasons. Hass, Eitinger and Fuerte were the most susceptible cultivars to damping-off and root rot diseases, followed by Duke. Whereas, the lowest percentage of pre-and postemergence damping-off and the highest percentage of survival plants were recorded on Reed, Benkerton and Bekon. Pathogenicity tests on avocado seeds and seedlings under greenhouse conditions showed that F. solani, F. moniliforme, F. semitectum and L. theobromae which isolated from roots of either seedlings in nursery or transplants in new orchards were pathogenic but varied at different degrees in their pathogenicity. Fusarium solani was the most pathogenic fungi causing the highest percentage of pre-and post-emergence root-rot followed by F. moniliforme. On the other hand, the least pathogenic ones were F. semitectum and L. theobromae. To overcome this problem, single treatment of nine compounds i.e. Topsin M70WP, DithaneM-45 80%WP, Kema-Z 50% WP, Rizolex-T 50% WP, Salicylic acid, Bio Zeid 2.5%, Bio Arc 6.0 %, Lemongrass and Thyme oil were used as seed dressing and soil drenching to investigate their effect in reducing damping-off and root rot disease incidence under greenhouse conditions. All compounds reduced the avocado damping-off and root rot disease incidence and increased the percentage of survival plants comparing with untreated seeds or untreated soil. Seed dressing and soil drenching with fungicides (Topsin M70, Kema-Z, Rizolex-T and Dithane M-45) showed a superior effect which produced the highest level of the disease control with the highest number of survived plants. Treatments with biofungicides (Bio Zied and Bio Arc) gave moderate effect. Essential oils (Thyme and Lemongrass) and Salicylic acid reduced the disease and increased mean survival plants of avocado transplants. Best results were obtained when the compounds were applied as seed dressing.
INTRODUCTION
Avocado (Persea americana Miller) as an evergreen tree is cultivated in both tropical and Mediterranean regions for its delicious and nutritious fruits. World avocado production is around 3,583,226 metric tons harvested from 348,769 ha FAO (2013) .The fruit of the avocado is green-or purple-to black-skinned and spherical, pear-or egg-shaped which contains one seed. Avocado fruit has very high value not only for its high nutritional value but also for its role in the cosmetic and health industries. In Egypt, Elosaily (2015) reported that essential oils of seven cultivars i.e. Duke, Ettinger, Bekon, Penkerton, Gwen, Hass and Fuerte showed good antimicrobial. The mesocarp contains higher amounts of vitamins A, C and E. Avocado fruit and its pericarp fixed oil are usually considered as efficient components of healthy antioxidant diets.
Damping-off caused by a variety of soil-borne pathogens that can attack seeds and seedlings prior to emergence (pre-emergence damping-off) and can attack seedlings after emergence (post-emergence damping-off) which result in seeds rot or death of seedlings. Avocado seeds and seedlings in nursery and transplants in new orchards were attacked by damping-off and root rot diseases that caused by a variety soil-borne fungi. Preemergence damping-off occurs when avocado seeds are infected and germinating seedlings are killed before they can appear above soil surface. Post-emergence dampingoff occurs when avocado seedlings emerged above soil surface, causing collapse and eventual death Omokhua et al. (2009) .These diseases lead to high reduction in the numbers of avocado seedlings in nurseries and transplants in new orchards. In this investigation, damping-off and root rot diseases are caused by a complex fungi i.e. Fusarium solani, Fusarium moniliforme, Fusarium semitectum and Lasiodiplodia theobromae. All fungi were pathogenic to avocado seeds and seedlings under greenhouse conditions, causing pre-or post-emergence damping-off. These effects of the tested fungi on avocado seeds and seedlings may be due to seeds rot prior to emergence (pre-emergence damping-off) and damage of roots system after emergence (post-emergence dampingoff). Killing roots system lead to reduced absorption surface and uptake water and essential nutrients Porter et al. (1990) . Saleh (1997) reported that the infected ground nut with seed rot, root rot and wilt seedlings diseases exhibited chlorosis of leaves that causes a reduction in photosynthetic capacity and net photosynthesis.
This investigation aimed to study the effectiveness of certain compounds (four fungicides, two biofungicides, two essential oil and Salicylic acid) as single treatment for their ability to minimize damping-off and root rot diseases and increase survival plants of avocado under greenhouse conditions.
MATERIALS AND METHODS

1-Disease incidence of avocado damping-off and root rot diseases. In nursery.
The natural infection of pre-emergence dampingoff, post-emergence damping-off and survival plants were evaluated on seven avocado cvs. namely Hass, Fuerte, Duke, Reed, Eitinger, Bekon and Benkerton in commercial nursery at El Qanater El-Khairia Horticulture Research Station, Agricultural Research Center, throughout 2016 and 2017 growing seasons. Twenty seeds as four replicates for each cultivar (one seed/pot) were sown in plastic pots (10 cm in diameter). Disease assessment was recorded as percentage of damping-off (pre-and post-emergence) after 30 days and 60 days from sowing. Healthy survived plants were counted and expressed as percentage 90 days after sowing using the following formula:
Healthy ( survival) plants% = 100 -(pre-emergence% + postemergence%).
In orchard.
Twelve transplants of seven avocado cultivars i.e. Hass, Fuerte, Duke, Reed, Eitinger, Bekon and Benkerton were chosen randomly as three replicates and sampled for root rot disease incidence (declining or died soon after were transplanted into orchards) during 2016 and 2017 growing seasons under field conditions. The disease incidence of root rot disease was determined as follow:
Disease incidence% = Number of infected transplants / Total number of transplants ×100 3. Pathogenicity tests. On avocado seeds. Pathogenicity tests of the 4 fungal isolates were carried out under greenhouse conditions of Fruit and Woody Trees Diseases Research Department at El-Qanater El-Khayria Horticulture Research Station, Agricultural Research Center, throughout 2016 and 2017 growing seasons. To prepare fungal inocula required for the pathogenicity tests, 100g barely grains and 100 mL of distilled water were put in each conical flask and were autoclaved, subsequently inoculated with the fungal isolates using about 5~10 of (1 cm) fungal discs, then incubated at 25°C for 14 days with shake every day. Soil was also sterilized with formalin solution (5%), then covered with a polyethylene sheet for 7 days to retain the gas and left to dry for 2 weeks until all traces of formaldehyde disappeared. The sterilized soil was individually infested with the inocula of the tested fungi at the rate of 3% (30g fungal inoculum / 1 kg soil). Plastic pots (10 cm in diameter) were sterilized by 5% formalin solution then filled with infested soil, except control (which it's sterilized soil was received the same amount of the sterilized non-inoculated barely grains) Abdel-Monaim et al. (2014) . The pots were irrigated regularly for three times a week before planting to ensure the distribution and establishment of the inoculated fungus in the soil. Avocado Hass cv. seeds were surface disinfected by immersing in sodium hypochlorite (2%) for 2 min, and washed several times with sterilized water, then dried between two sterilized layers of filter paper. One avocado seed was sown in each pot and twenty seeds (pots) were used as four replicates for each treatment. Data of pre-and postemergence damping-off as well as survival plants were recorded 30, 60 and 90 days from sowing, respectively as mentioned above.
On avocado transplants.
The same method which mentioned before was used to prepare inocula required for the pathogenicity tests on avocado transplants. Plastic pots 30 cm in diameter were dipped for 15 min. in formalin solution (5%) , then left for 2 weeks to dry. The sterilized soil was individually infested with the inocula of the tested fungi at the rate of 3% (30g fungal inoculum / 1 kg soil).The sterilized pots were filled with infested soil (2 Kg/pot). The pots were irrigated regularly for three times a week before planting to ensure even distribution of the inoculated fungus in the soil. One avocado transplant (one year old) was cultivated in each pot and twelve transplants (pots) were used as three replicates for each treatment. Another group of pots contained uninoculated medium was kept as control. Seedlings were incubated at normal temperature and disease incidence (%) was recorded after three months from transplanting in pots. To meet Koch's postulates, samples of seedlings showing the same symptoms were taken from different treatments for re-isolation procedures of the original pathogens from artificially inoculated roots Swart et al.(2003) .
Disease control:
Greenhouse experiment was carried out to evaluate the effect of single treatment of four fungicides, two biofungicides, two Pure-grade of the essential oils which were obtained from Cairo Company for oils and aromatic extractions (CID), Egypt and were stored in dark glass bottles at 4 ºC and Salicylic acid Table1 as seed dressing and soil drenching on the disease incidence of damping-off and root rot of avocado in pot experiment during 2016 and 2017 growing seasons.
Effect of nine compounds as seed treatments.
Avocado seeds were immersed in 2% sodium hypochlorite for 3 min. for surface disinfecting, washed several times with sterilized water, then dried under room temperature. Avocado seeds were separately mixed with nine tested compounds at rate of commercial dose plus glue suspension as adhesive material (10m/kg seeds) in polyethylene bags and vigorously shaked-up for 10 minutes to ensure even distribution of the added materials. To obtain an emulsion feature of essential oil, few drops of the emulsifier Tween 20 (Sigma Co.) were added to essential oil volumes. The treated seeds were then left on a plastic tray to air dried. After seed dryness, the treated seeds were sown in pots (10 cm diameter) containing autoclaved soil infested separately with one of the tested fungi, i.e. F. solani, F. moniliforme, F. semitectum and L. theobromae which were grown on autoclaved barley grain medium at the rate of 3% (w/w) as mentioned before. One seed /pot and eighty pots were used for each treatment (20 pots/fungus). In control treatment, untreated seeds were sown in potted soil infested separately with one of the tested fungi (control 1) and untreated seeds were sown in potted disinfested soil (control 2). Disease incidence was recorded as the percentage of pre-emergence damping-off and post-emergence damping-off as well as survival plants for each treatment after 30, 60 and 90 days from sowing, respectively as mentioned before. 
Effect of nine compounds as soil drenching.
One apparently healthy seed were sown in pot (10 cm in diameter) containing autoclaved soil infested separately with one of the tested fungi, namely F. solani, F. moniliforme, F. semitectum and L. theobromae and eighty pots were used for each treatment (20 pots/fungus) as four replicates. In control treatment, untreated seeds were sown in potted soil infested separately with one of the tested fungi (control 1) and untreated seeds were sown in potted disinfested soil (control 2). The recommended dose of each compound that tested was applied as soil drenching at rate of 50mL/pot at the time of sowing. Pre-emergence damping-off and post-emergence damping-off as well as survival plants for each treatment were recorded 30, 60 and 90 days from sowing, respectively as mentioned before. These essential oils were stored in dark bottles at 4ºC for further studies. Essential oils Lemongrass and thyme solutions (4mL oil was added to 1 litre sterilized water and 1mL Tween80). Salicylic acid at concentration 15mM added to 1 litre sterilized water.
Statistical analysis
The obtained data were subjected to statistical analysis of one way analysis of variance and means were compared using L.S.D test to differentiate the differences between various treatments Snedecor and Cochran (1990) .
RESULTS
Symptoms on seedlings in nursery and transplants in new orchard.
Several soil-borne pathogens can attack avocado seeds, seedlings and transplants, causing severe deterioration in nurseries and new orchards. These fungi are able to surviving in the soil in the absence of their host plants. Under favorable conditions they invade the succulent tissue of germinating seedlings or transplants that leads to decay and early death. Damping-off attacks seeds and germinating seedlings prior to emergence above soil surface (pre-emergence damping-off) and can attack seedlings after emergence (post-emergence damping-off), usually occurs within 30 to 60 days after sowing. The only evidence of pre-emergence damping-off in nursery beds is that the germinating seedlings are sparse and patchy (Fig1a).When post-emergence damping-off occurs in the cotyledon stage, causes wither and collapse to seedlings (Fig1b).The most obvious indicator of post-emergence damping-off is the collapse of the transplants. The first symptoms of the disease are observed in the seedlings. Pale green, often wilted with brown tips appears on small leaves that drop readily. Shoots die from the tips, and eventually the seedlings are reduced to a bare framework of dying leaves (Fig 2 d and f) .When the pathogen penetrates the succulent root-collar tissue or the roots, the disease is referred to as soil-infection damping-off. On diseased seedlings and transplants, the small feeder roots appear black, brittle and decayed (Fig 2 e and g ). In the advanced stages of decline the small feeder roots on diseased seedlings may be absent, in contrast to healthy seedlings, creamy-white feeder roots are abundance (Fig 2 c) . Pre-and post-emergence damping-off % as well as survival plants % of seven avocado cultivars under natural infection in the nursery were recorded during two successive seasons 2016 and 2017 in Table2. Data indicate that Hass, Eitinger and Fuerte were the most susceptible cultivars to damping-off and root rot diseases where they had the highest percentage of pre-and post-emergence damping-off and the lowest percentage of survival plants, followed by Duke. Whereas, the lowest percentage of preand post-emergence damping-off and the highest percentage of survival plants were recorded on Reed, Benkerton and Bekon. In orchard. Also Table 3 shows the natural percentage of infected new transplants of seven avocado cultivars in orchard. Root rot symptoms found in all examined cultivars during the two successive growing seasons 2016 and 2017. Data also show that Hass, Eitinger and Fuerte were the most susceptible cultivar which recorded the highest percentage of wilted seedlings, followed by Reed and Duke. while Benkerton and Bekon recorded the lowest percentage of wilted seedlings. (Table 4 and Fig 3) .
3.Pathogenicitytests.
Before starting the control tests, the pathogenicity tests for pathogens that isolated from rotted roots were performed under greenhouse conditions by sowing healthy avocado Hass cv. seeds and healthy avocado Hass cv. transplants in soil artificially infested separately with F. solani, F. moniliforme, F. semitectum and L. theobromae and assessed by occurrence of the typical symptoms of preand post-emergence damping-off and disease incidence. 
On avocado seeds.
Results for each isolated fungus were expressed as an average of pre-emergence damping-off calculated 30 days after seed sowing, post-emergence damping-off recorded another 30 days later and survival plants calculated 90 days after seed sowing. Data in Table 5 show that all the 4 fungal isolates were pathogenic under greenhouse conditions and the disease symptoms that appeared on the infected seed and seedlings during the pathogenicity test were exactly similar to those appeared on seeds and seedlings under natural infection in nursery. The tested fungi attacked avocado seeds and germinating seedlings prior to emergence, causing seeds rot and loss of roots system that lead to death of germinating seedlings.
The symptoms that appears on seedlings above the soil surface were similar to that appeared on nursery, were the infected seedlings exhibited symptoms as shown in fig 4 and 5. Fusarium solani was the most pathogenic fungi causing the highest percentage of pre-and post-emergence root-rot and the lowest percentage of survival plants, followed by F. moniliforme and F. semitectum. On the other hand, the least pathogenic one was L. theobromae. re-isolation procedures of the original pathogens from roots of artificially inoculated seedlings that appeared the same symptoms yielded the same fungi originally inoculated. 
On avocado transplants.
Fusarium spp. and L. theobromae caused essentially similar symptoms on infected transplants as shown in Fig (4, 5  and 6 ).Also, data presented in Table 6 show that all the tested fungi were pathogenic to avocado transplants. The pathogenic fungi isolates exhibited different degrees of pathogenic capabilities. F. solani and F. moniliforme caused the highest wilted plants, followed by F. semitectum. While, L. theobromae caused the lowest wilted plants compared with non-infected soil in the two seasons. 
Disease control.
Effect of seed treatment with nine compounds on the incidence of avocado damping-off under greenhouse conditions. The effect of each of the tested compounds (applied as seed dressing) on pre-and post-emergence damping-off of avocado are presented in Table7. The treated seeds were sown in soil infested separately with one of the tested fungi F. solani, F. moniliforme, F. semitectum and L. theobromae. The results reveal that all nine compounds reduced disease incidence of pre-and pot-emergence damping-off and increased emergency and survival plants when compared with the untreated seeds sown in infested soil (control). Seed dressing with fungicides showed a superior effect against the tested fungi which produced the highest level of the disease control with the highest percentage of survival plants. In this regard, TopsinM 70 and Kema-Z were the most effective fungicides which gave 85% and 83.75%, respectively as mean survival plants followed by Rizolex-T which gave 82.50%mean survival plants. DithaneM-45 was the least effective one which gave the lowest percentage of survival plants. Seed treatment with biofungicides gave moderate effect as mean survival plants were (73.75 and 71.25%) for Bio Zeid and Bio Arc, respectively. Seed treatment with essential oils (Thyme and Lemongrass) and Salicylic acid caused the least reduction in the percentage of damping-off and root-rot incidence recorded as 68.75, 67.50 and 65% mean survival plants, respectively. Effect of soil drenching with nine compounds on the incidence of avocado root rot under greenhouse conditions. The effect of nine compounds as soil drenching on pre-and post-emergence damping-off and root rot diseases of avocado under greenhouse conditions were shown in Table 8 . All compounds reduced the disease incidence and increased the plant survivals when compared with untreated soil infested separately with one of the tested fungi F. solani, F. moniliforme, F. semitectum and L . theobromae. The four fungicides were the most effective in reducing pre-and postemergence damping-off and in increasing the plant survivals, followed by biofungicides. Soil drenching with essential oils (Thyme and Lemongrass) and Salicylic acid caused the least reduction in the percentage of damping-off and root-rot incidence compared with untreated soil. 
DISCUSSION
post-emergence damping-off and root rot fungal pathogens, attempts to propagate avocado in the nursery has been met with little success. Soil borne diseases including damping-off and root rot can cause considerable losses in number of seedlings in nurseries and transplants in new orchards. Damping-off can cause rapid decay and mortality of avocado seeds and seedlings in avocado nursery during those first critical few weeks from germination to just after seedling emergence as the fungal invasion of the succulent tissue of seedlings leads to decay and early death. Soil borne fungi can attack seedlings both before emergence (pre-emergence damping-off) and after emergence (post-emergence damping-off) within 30 to 60 days after sowing. Some of the symptoms associated with root rot are browning and softening of root tips, root lesions that vary in size and color from reddish to brown and black, trimming of the roots and decay, yellowing, wilting of leaves and stunted plant growth Jung et al. (1999) . In the present investigation, study was conducted during 2016 and 2017 seasons to determine the occurrence and frequency of various fungal pathogens associated with diseased avocado plants. The study showed differences in the frequency of the isolated fungi. F. solani showed the highest isolation frequency, followed by F. moniliforme. Also, F. semitectum and L. theobromae were recorded at moderate frequencies. All tested fungi were pathogenic but varied in their pathogenicity at different degrees. Fusarium solani was the most pathogenic fungi causing the highest percentage of pre-and post-emergence root rot, followed by F. moniliforme. On the other hand, the least pathogenic ones were F. semitectum and L. theobromae. Kotze (1985) reported that Verticillium theobromae, Rhizoctonia solani, Fusarium oxysporum, F. moniliforme, Pythium spp., Cylindrocladium scoparium and Phytophthora cinnamomi are associated with avocado root rot in South African avocado. Darvas (1978) reported that Pythium debaryanum was more often isolated from both soil and roots of avocado, Fusarium oxysporum were frequently found in the root zone as well as the roots. F. moniliforme was less frequently isolated. Rhizoctonia solani was often found in most of the orchards. L. theobromae(syn. Botryodiplodia theobromae, Diplodia natalensis) which isolated from infected avocado roots and was pathogenic to avocado transplantswas the most pathogenic as well as the most frequently isolated fungiof dieback, grafting failure process during vegetative propagation in commercial nursery and stem-end rot of avocado Radwan and Hassan (2016) . Root rot disease was observed for the first time on sugar beet plants at Dakahliya and Gharbiya governorates, the causal agent was identified as Botryodiplodia theobromae Pat Abd-El Ghani and Fatouh (2005) . Latha et al.(2009) reported that root rot and collar rot disease of physic nut was observed for the first time in India. Lasiodiplodia theobromae which was isolated consistently from the diseased roots of affected nut plants was pathogenic when artificially inoculated on 1-year-old plants.
To overcome this problem, nine compounds (four fungicides, two biofungicides, two essential oil and Salicylic acid) were treated as seed treatment and soil drenching to investigate their effect on reducing preemergence damping-off, post-emergence damping-off and root rot diseases under greenhouse trails. The results in the present investigation indicate that avocado seeds pretreated with different compounds and treated soil at the time of sowing singly reduced roo trot disease incidence as well as increased survival plants when compared with the untreated seeds and untreated soil. Seed dressing and soil drenching with fungicides showed a superior effect against the tested fungi which produced the highest level of the disease control with the highest percentage of survival plants. Best results were obtained when the compounds were applied as seed dressing. Decreases of pre-emergence damping-off with the treated soil may be attributed to the effect of treatments on the pathogens attacking the seeds causing seed decay.
Biological control is considered apromising strategy for the replacement of extensive application of chemical fungicides which are harmful to human, living organisms and environment and cause development of resistance in the fungus. Biological control is now considered as an alternative to synthetic fungicides and chemical methods. Trichoderma sp. is used for over 80 years as bioagents to control plant diseases, because it has ability to parasite on plant pathogenic fungi and produces antibiotics Kucuk and Kivanc (2003) . Ikotun and Adekunle, (1990) investigated the antagonistic effect of Trichoderma harzianum, Bacillus cereus and B. subtilis against cassava pathogenic fungus Botryodiplodia theobromae. Soil inoculation of the antagonists reduced root and tuber rot of cassava plants in the field. Abo-Rehab et al. (2013) reported that the three commercial biological control agents, i.e. Bio Zied (Trichoderma album), Bio Arc (Bacillus megaterium) and Rhizo-in (Bacillus subtilis) were efficient in suppressing fungal pathogens cause graft failure on grapevine under greenhouse conditions. The results in the present work indicate that seed treatment and soil drenching with biofungicides (Bio Zied and Bio Arc) gave moderate effect as shown for mean survival plants of avocado transplants.
Application of essential oils and their components are gaining increasing interest as attractive method for controlling plant diseases, because of their relatively safe status, their wide acceptance by consumers, and their exploitation for potential multi-purpose functional uses Ormancey et al. (2001) . Seed treatment and soil drenching with essential oils (Thyme and Lemongrass) reduced preand post-emergence damping-off and increased mean survival plants of avocado transplants compared with control treatment. Many researchers reported that essential oils inhibited large number of soil borne pathogens. ElMougy et al. (2007) reported that geranium, rose, lemon and mint essential oils were used as seed dressing and foliar spray for controlling wilt and root rot incidence in Phaseolus vulgaris L. El-Mohamedy (2013) reported that all concentrations of lemongrass, thyme, citral and nerol oils inhibited mycelial growth of soil-borne pathogenic fungi (Fusarium oxysporum radicis-lycopersici, F. oxysporum lycopersici, F. solani, Rhizoctonia solani, Sclerotium rolfsii, Macrophomina phaseolinae, Pythium sp. and Phytophthora sp.) that cause tomato root rot. At 1.5% of all tested essential oils a complete inhibition of fungal growth was observed. Essential oils are promising alternative compounds which could be used as the main or as adjuvant antimicrobial compounds for controlling plant disease Kaur and Arora (1999) . These plant compounds have different structures and different mode of action when compared with antimicrobials that used for controlling pathogens Nascimento et al. (2000) . Essential oils have been used successfully in combination with antibacterial agents, mild heat and salt compounds on Listeria monocytogenes Karatzas et al. (2000) . Naqui et al. (1994) reported that some Indian medicinal plants contain compounds able to inhibit the microbial growth.
Salicylic acid was used as disease resistance inducers against several soil-borne plant pathogens in various trials because it had been found to be active as antimicrobial. Chen-Chunquan et al. (1999) reported that Salicylic acid has role in systemic resistance induced by Pseudomonas spp. against Pythium aphanidermatum in cucumber roots. Mandavia et al. (2000) ) recorded that Salicylic acid had inhibitory effects on spore germination and mycelial growth of Fusarium oxysporum f. sp. cumini. In this investigation seed treatment and soil drenching with Salicylic acid reduced the number of pre-and postemergence damping-off and increased mean survival plants of avocado transplants compared with control treatment.
CONCLUSION
Because soil borne fungi that cause damping-off and root rot can survive in the plant debris, the infection can be increase every year. The following recommendations, application of fungicides, biofungicides, essential oils and Salicylic acid as seed dressing and soil drenching could be used for controlling damping-off and root rot diseases in addition to, improve on the successful propagation of avocado in the nursery and controlling root rot in new orchards.
